The composite material based on whole stem kenaf fiber (WSK) and Ecoflex (biodegradable thermoplastic) were prepared by melt blending technique and characterized. The composites were prepared using different fiber loadings and the fiber was treated with various concentrations of NaOH solution by soaking for 3 h. The compounding of composite were carried out at different fiber loadings (10%, 20%, 30%, 40%, 50%) using Brabender internal mixer at 130 C for 10 min. The composites were then pressed using compression molding to produce biodegradable kenaf/Ecoflex sheets. The effects of kenaf fiber loading and NaOH treatment of WSK fiber surface on mechanical properties was examined. The results showed that 40% fiber loading improved the tensile strength properties and WSK fiber treated with 4% NaOH was found to enhance tensile and flexural properties compared with untreated fiber. The FTIR characterization showed that alkali treatment removes hemicellulose and lignin from WSK kenaf fiber surface.
INTRODUCTION
O VER THE YEARS, the price of plastic has risen sharply. This trend has led the researcher to find another source to reduce the production cost. Natural fiber-reinforced plastic composite is already a well-established approach to obtain special composites with useful properties [13] . Due to the environmental concern and decreasing fossil resources, biodegradable polymers have been targeted to replace the petroleum-based polymer in many applications. The major challenges of using biodegradable polymer in industrial application are production cost, limitation on mechanical properties, and the life range application. Until now, most biopolymers are costly compared to conventional thermoplastic and they are sometimes too weak for practical use. Therefore, it is necessary to improve these biopolymers to make them fully competitive with common thermoplastics [4] . Several modifications have been done to improve the properties of biodegradable polymers. The addition of natural fiber on biodegradable polymer such as polyhydroxyalkanoates, poly(lactic acid) has improved the composite properties. The readily available bio-polymer in market nowadays are Biopol, PHBHV copolymer, Bioceta, Mater Bi, and Sconacell A [5] . The addition of natural fiber in bio-polymer for composite is still new and the researcher still focuses on the compatibility of the composite. Hanselka and Herrmann [5] studied the bio-composite of different flax-reinforced biological degradable polymers, and he concluded that tensile strength and Young's modulus of the composites is clearly influenced by matrix and the adhesion between fiber and matrix.
Natural fibers are generally incompatible with polymers due to their hydrophilic nature. Therefore, several treatments to improve the fibermatrix interfacial bonding have been proposed by many researchers [3] . They suggested that the compatibility of hydrophobic thermoplastic and hydrophilic cellulose fiber can be enhanced by the modification of polymeric matrix or fiber surface [6] . Study done by Bachtiar et al. [7] revealed that alkali chemical treatment of sugar palm fiber improved the tensile properties of the sugar palm fiber-reinforced epoxy composites particularly for tensile modulus. The hydrophilic nature of sugar palm fiber has been reduced due to this treatment and therefore has increased the interfacial bonding between matrix and fibers [7] .
In this study, kenaf, Hibiscus cannabinus L. fiber is used as filler in biodegradable polymer Ecoflex. The effects of fiber loading and fiber treatment from WSK fiber on the mechanical and thermal properties were discussed. The chemical analysis of the WSK fiber indicated that the main components are cellulose (60%), hemicellulose (22%), lignin (13%), and extractives (3%). This article described the preparation and characterization of new biodegradable composites from WSK fiber and Ecoflex. The effect of fiber loading on mechanical and thermal properties of NaOH-treated and NaOH-untreated WSK fiber composites were determined.
EXPERIMENTAL

Materials
Whole stem kenaf V36 variety was obtained from LTN (Lembaga Tembakau Negara). The WSK fiber was ground to 150 mm, and was oven dried at 70 C until it reached constant weight. Aliphatic-aromatic co-polyester with the trade name, Ecoflex FBX 7011 was purchased from BASF Plastic Technologies USA. The NaOH pallet was purchased from MERCK (Germany). The chemicals of analytical grades were used through the research.
Sample Preparation and Formulations
FIBER CHEMICAL TREATMENT
WSK fiber with size 150 mm, was soaked in alkaline solution of different concentrations, 2%, 4%, 6%, and 8% respectively for 3 h. The WSK fiber was then washed several times with water containing acetic acid. Finally, the WSK fiber was washed again with distilled water and oven dried at 70 C until it completely dried and reached constant weight.
PREPARATION OF THE COMPOSITES
The compounding of biodegradable composites was carried out at different fiber loadings (10%, 20%, 30%, 40%, and 50%). The melt blending was carried out at 130 C using Brabender internal mixer at 30 rpm of speed. The required amount of Ecoflex was preheated for 2 min and then mixed with required amount of WSK fiber for 8 min. The composites were removed and cooled at room temperature. Scraped composites were weighted according to the volume of the mold. The composites sample was preheated at 140 C without applying any pressure for 20 min to allow complete melting. The melted composite then was pressed for 5 min at 10 ton. The sheet then was placed between two plates of a cold press to cool at 25 C for 5 min.
FTIR Spectroscopy
The progress of chemical treatment on the fiber in this study was determined by a Fourier transform infrared (FTIR) spectrometer PerkinElmer Spectrum 2000 instrument with the diamond attenuated total reflectance (ATR) techniques. Samples were analyzed for the wave number range of 2504000 cm À1 . Samples of Ecoflex, treated and untreated WSK fiber, kenaf/Ecoflex composites were scanned and compared.
Tensile Test
Tensile tests were performed according to ASTM D638 standard (type V) using Instron Universal Testing Machine (model 4201) using Merlin software at a crosshead speed of 5 mm/min. Seven specimens for each sample were tested and calculated using the following equations: 
Flexural Test
Flexural tests were performed according to ASTM D790 using Instron Universal Testing Machine using Merlin software at a constant rate of 2 mm/mm with the apply load of 1.0 kN. Seven test specimens were cut to 120 mm Â 12.7 mm 3 mm depth. Flexural strength and flexural modulus was calculated using the following equations:
where P = maximum load applied on test specimen (N), L = support span (mm), b = width of specimen tested (mm), and d = thickness of specimen tested (mm). L3m  4bd 3 where m = slope of tangent to the initial straight line portion of load deflection curve (N/mm).
Flexural modulus ðMPaÞ ¼
RESULTS AND DISCUSSION
FTIR Spectroscopy
The FTIR spectra (Figure 1) show the changes of functional group of treated and untreated WSK fiber. The increased intensity of the OH peak (3300 cm À1 ) on treated fiber compared to the untreated fibers is clearly seen. For the 4% NaOH treated fiber, the disappearance of C=O stretching frequency at 1736 cm À1 which corresponds to the carbonyl group can be clearly seen compared with untreated WSK fiber. The peak at 1236 cm À1 , which is C=O stretch of acetyl group of lignin is reduced. This was due to the partial removal of lignin from the fiber surface [8] . Alkali treatment is expected to reduce the hydrogen bonding in cellulose hydroxyl groups by the removal of the carboxyl group [9] .
Effect of Fiber Loading on Tensile Properties of Composites
In order to determine the best formulation of WSK/Ecoflex composites, the amount of fiber loading, and concentration of NaOH were varied. Table 1 shows the effect of fiber loading on the tensile strength of WSK/Ecoflex composites. As depicted in Table 1 , tensile strength remained constant as filler loading from 10% to 30%, but increased at 40%. The highest tensile strength of 10.8 MPa was observed at 40% of fiber loading. The value of tensile strength decreases when the fiber loading was more than 40%. This trend may be due to the poor interaction between filler and matrix due to the agglomeration. The composites at high fiber loading tend to form agglomerate [10] . This was also due to the lack of Ecoflex to wet WSK. To overcome the problems, higher fiber loading composites need several modifications such as chemical modification and addition of coupling agent on the composite, which will improve the mechanical properties of the composites. Table 1 also shows the effect of fiber loading on tensile modulus of composite. The tensile modulus increased as fiber loading increased from 10% to 40%. 
Effect of Fiber Treatment on Kenaf FiberEcoflex Composites
However, the tensile modulus decreased after 40% of fiber loading. The highest tensile modulus of 170.1 MPa was obtained at 40% fiber loading composite. The drop of tensile modulus value was due to the poor compatibility of fiber and polymer matrix at higher loading thus reducing the stiffness of composites [10] . Table 2 shows the effect of NaOH treatment on tensile strength of 40% fiber loading composites. The 4% concentration of NaOH gave the highest of tensile strength, which was 16.5 MPa and 2% concentration of NaOH gave the lowest of tensile value, which was 9.2 MPa. At the lower concentration of NaOH, the efficiency to remove the impurities on fiber surface was not good enough, which resulted the poor bonding of fiber with matrix [11] . Edeerozey et al. studied the effect of chemical treatment of kenaf bast fiber with different concentrations of NaOH. From the SEM analysis, they found that fiber treated with 3% NaOH was ineffective to remove the impurities on fiber surface and 9% NaOH treatment showed the cleanest fiber surface.
Effect of Fiber Treatment on Tensile Properties
Based on Edeerozey et al. findings, the increase in tensile strength using WSK treated with 4% NaOH were due to the improvement in the interfacial bonding and additional sites of mechanical interlocking, which promotes more resin/fiber interpenetration at the surface [12] . The alkaline treatment also improves the fiber surface adhesion characteristics by removing natural and artificial impurities, thereby producing a rough surface topography [13] . It has been reported that alkali treatment leads to fiber fibrillation, breaking down of fiber bundles into smaller fibers, which increases the effective surface area available for contact with the matrix [14] . At the higher concentrations, the tensile strength value decreased due to lignocelluloses degradation and rupture of fiber surface. The effect of NaOH treatment on tensile modulus of the composite at 40% fiber loading is shown in Table 2 . The value of tensile modulus increased after the fiber was treated with NaOH concentration. It is clear that the modulus of a well-bonded composite arises from the fact that the load transfer between the fiber and matrix occurs through the strong fiber/ matrix interface [12] . The tensile modulus of the chemically treated composites exhibits higher modulus values than untreated composite. It can be seen that this is due to the presence of a strong interface between the treated fiber and matrix. Table 1 shows the effect of WSK fiber loading on flexural strength of WSK/Ecoflex composites. It can be seen from the table that flexural strength increases with fiber loading up to 30%. After 30% fiber loading, flexural strength starts to decrease. The addition of WSK fiber on composite has improved the flexural strength compared with pure Ecoflex. At the higher fiber loadings, the value of flexural strength dropped because of poor matrixfiber bonding. This occurrence implied that the samples with higher fiber loading were unable to withstand higher stress. At this stage, the interactions between fiber and matrix were very poor, where the amount of fiber filled did not sufficiently wet through by the matrix [10] . Similar trend was observed on flexural modulus of WSK/Ecoflex composites in Table 1 .The flexural modulus increases with the increasing of WSK fiber loading up to 40%. After 40% fiber loading, the value of flexural modulus decreased. The addition of WSK fiber improved the stiffness of the composites.
Effect of Fiber Loading on Flexural Properties of Untreated Composites
The Effect of Flexural Properties on 4% of NaOH-treated Composite
From Table 1 , the 40% fiber loading with 4% NaOH treated gave the highest value of flexural strength with the value 13.9 MPa compared to 40% untreated fiber loading (11.0 MPa). About 26% improvements were measured. Alkali treatment results in improvement of the interfacial bonding by giving rise to additional sites of mechanical interlocking, thereby promoting more resin/fiber interpenetration at the surface [12] . The removal of impurities and lignin on the fiber after alkali treatment have improved the interaction between WSK fiber and matrix. The 40% fiber loading gave the highest value of flexural modulus, which was 644.0 MPa. There is no significant improvement in flexural modulus after 4% NaOH treatment on 40% fiber loading.
CONCLUSIONS
Biodegradable composites based on 40% of fiber loading of treated fiber have been successfully prepared and characterized. The alkaline treatment of fiber gave the better tensile strength and flexural strength of the composite. The chemical treatment also improved fiber matrix interaction by removal of lignin and hemicellulose, which led to the better incorporation of fiber with the matrix.
